New studies are challenging the invariance of the building blocks of naturally occurring proteins by incorporating unnatural amino acids in the genetic code. These methodologies hold great promise for the study of genetic code evolvability. One extension to the methodology, as reported by Anderson and Schultz [18] , is the development of other orthogonal tRNA-tRNA synthetase pairs in E. coli, using the opal stop codon and the four-base codon AGGA. Improvements in these techniques will soon permit the simultaneous incorporation of more than one unnatural amino acid into the code, allowing even further embellishment of the diversity of chemical
Among other applications, cells with these new proteins might prove useful in bioremediation; cells with artificially evolved proteins using only the twenty natural amino acids are already being developed for this purpose [8, 9] .
Several groups have developed methods to incorporate artificial amino acids into proteins in vitro and in vivo (see [10] for a review). In most of these approaches, however, the tRNAs must be chemically charged with the desired amino acid before use. This is particularly troublesome for in vivo studies, where the charged tRNAs must be microinjected into individual cells. A few studies have addressed these problems recently, and advances in the field are accumulating [10] . The approaches described by the Schultz lab [3] [4] [5] [6] and other groups [11] [12] [13] avoid these problems by incorporating into the cell all the components necessary to exploit the unnatural amino acid, namely a new aminoacyl-tRNA synthetase-tRNA pair. Impressively, Mehl et al. [4] also recently developed a strain of E. coli that is capable of both coding for and autonomously synthesizing an unnatural amino acid. Strains of yeast with this capacity cannot be far behind.
The development of these strains will also allow investigators to study the natural mechanisms of genetic code evolution. A variety of organisms have naturally reassigned some codons during evolution [14] , and many theories have been proposed to explain how and why these reassignments occurred [14, 15] . Experiments such as those performed by the Schultz lab provide a new way to artificially reassign a codon and to observe its evolution and fitness consequences for the organism. Once the researcher-induced selection on the tRNA-tRNA synthetase pair is relaxed, will cells quickly lose the ability to utilize the unnatural amino acid? Or will it be incorporated into other proteins? Will the cells begin to convert amber stop codons to ochre or opal to prevent readthrough? How many generations will it take for these types of global changes to be observed? And what costs are involved?
Answers to these questions may be found using experiments similar to those performed by Richard Lenski's lab, in which E. coli cells are grown under controlled conditions for thousands of generations, and then their fitness can be compared with those of the original cells [16, 17] . Experiments of this kind using E. coli or yeast with an expanded code could determine if an extra amino acid confers an advantage to the cell, or if the current machinery required is too cumbersome to maintain. The use of different growth media and conditions could determine under which conditions the modified cells show more plasticity than wild-type cells.
One extension to the methodology, as reported by Anderson and Schultz [18] , is the development of other orthogonal tRNA-tRNA synthetase pairs in E. coli, using the opal stop codon and the four-base codon AGGA. Improvements in these techniques will soon permit the simultaneous incorporation of more than one unnatural amino acid into the code, allowing even further embellishment of the diversity of chemical characteristics available to coded proteins. Organisms that currently do not assign any meaning to, and are incapable of translating, certain codons -Micrococcus luteus, for example -are also ripe for experimental incorporation of unnatural amino acids (Figure 1 ). Previous studies [19] showed that the introduction of charged tRNAs leads to expression of the unassigned codons in this species in vitro; at least two codons are unassigned in Micrococcus luteus, making it a candidate for incorporation of multiple new amino acids. Lastly, another approach to the incorporation of multiple amino acids in the code is to capture redundant sense codons: Kwon et al. [13] recently reassigned the phenylalanine codon UUU in a strain of E. coli to the unnatural amino acid L-3-(2-naphthyl)alanine, and they are currently trying to generalize this approach to other degenerate codons. 
